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Introduction: 
The use of telescopic systems to aid patients with low or decreased vision has 
been used for many years. Some of the frrst articles written about this modality date back 
to earlier than 1960. Dr. William Ludlam was among the first to write an article 
describing their use with low vision patients. The early contact lens- spectacle telescopes 
that were explored were constructed using a scleral type contact lens and standard 
spectacle lenses (Lewis, 1985). 
The Galilean telescope has become a favored device by many due to its compact, 
lightweight nature, brightness of image, and ability to provide an upright image with 
magnification without prisms the use of prisms (Jose and Browning, 1982). There are 
several types of Galilean telescopes are available to patients. Some are permanently 
fixed onto the patient's spectacles; some are implanted within the eye, while others utilize 
a contact lens and a spectacle lens combination to achieve the magnification. ·With 
Galilean type telescopes there are two lenses within the system. The lens closest to the 
patient's eye is the eyepiece and consists of a high power minus lens ( ~ -30 to -50D). 
The lens that is in front of the eyepiece is the objective lens, a high power plus lens(~ 
+ 20D ). The combination of these lenses will allow for the magnification of the item or 
items being sighted, producing a larger image occupying more of the retinal area 
(Campbell and Caroline, 1997). If there is a need for optical correction, it is accounted 
for by incorporating it into the eyepiece. 
Purpose: 
Contact lens-spectacle telescopes offer a more cosmetically desirable set-up and 
increased field of view, as compared to hand-held telescopes, while still maintaining the 
benefits of magnification (Lavinsky, et al 2001 ). This study will compare perceived 
magnification to the theoretical magnification derived mathematically with the telescopic 
system in place. In addition to magnification, this project will be evaluating the contrast 
sensitivity of the subjects along with color vision to evaluate any image degradation 
through the telescopic system. Reduction in contrast sensitivity is often a pitfall for 
magnification devices (Leat and Woodhouse 1993; Woo and Wessell982). The world in 
which we live is not of high contrast nature displayed by many of the visual acuity charts 
traditionally used by eyecare professionals. 
This study will be using a soft contact lens to test this modality of a telescopic 
setup. With the advances of silicone hydrogel contact lenses, this material in a high 
minus lens would be very beneficial. Offering extended wear while sustaining oxygen 
permeability would offer some substantial benefits to those that would benefit from a 
contact lens- spectacle telescope. This modality would allow a low vision patient to 
utilize this setup with out daily removal of the contact lens and retain ocular health, with 
minimal handling of the contact lenses. 
The hypothesis of this study is that the subjective amount of magnification will be 
equal to the theoretical amount of magnification derived mathematically. 
Materials and Methods: 
The spectacle portion of this study was constructed from a Marco trial lens kit and 
Marco trial frame. The vertex distance of the spectacles was determined via the subject 
altering the vertex distance until the clearest image was achieved while viewing the 10-
foot visual acuity chart. The contact lenses were manufactured and provided by 
Innovations in Sight of Fount Royal, Virginia. The three powers of contact lenses were-
20.00D, -30.00D, and -40.00D. The diameter of all the contact lenses was 14.5 mm and 
supplied in the base curves of 8.0, 8.15, and 8.3. The appropriate base curve was 
determined via an empirical fitting process. The American Optical color vision-testing 
booklet was used to assess quality of color vision per patient (see figure 1 ). The subjects 
were screened through achieving visual acuity with each eye separately via the Bailey-
Lovie acuity chart. The contrast sensitivity level of both eyes of each subject was also 
determined through the same chart with a decreased sensitivity version (chart #7). 
The chart that was used to determine magnification was an altered version of the 
Bailey-Lovie chart of high contrast. One optotype from each line was transferred to a 
blank white piece of foam board. The largest being on top with the smallest on the 
bottom and equal spacing between letters vertically. The optotype E was transferred 
from the 0.00 line and placed on a sliding piece of foam board with vertical movement 
(see figure #2). 
The subjects of the project were four optometry students who were emmotropic, 
or very near emmotropic. Emmotropic subjects were used to allow for the data that was 
generated as equal as possible. These criteria also permitted the use of the soft contact 
lenses without having to incorporate needed correction into the eyepiece. Subjects were 
selected on a volunteer basis and were then screened for refractive error that was 
previously determined by refraction at Pacific University College of Optometry. If the 
spherical equivalent was great than 0.75D of hyperopia or myopia they were not allowed 
to participate in the study. Emmotropic subjects were utilized for this study to ensure that 
there were no retinal defects present that would alter the perceived magnification and/or 
contrast sensitivity readings. 
Results: 
Subject 1 was a 27-year-old white male. Entering VA on the Bailey-Lovie chart 
were -0.1,-0.04, and -0.22 OD, OS, and OU respectively. Contrast sensitivity was 
measure as -0.08, 0.02, and -0.08 OD, OS, and OU respectively. Entering color vision 
with the American optical color vision booklet was 14/14 plates correct, in both the right 
and left eyes. Subject 1 was first fit with the 8.0 base curve, -30.00D contact lens, on the 
right eye. Spectacle lens used was+ 19.00D at a vertex distance of 12 mm, for a 
theoretical magnification of 158%. Subjective magnification was measured as +52%, 
+39%, and +39% at 20 feet, 10 feet, and 40 em respectively. Color vision through the 
contact lens- spectacle telescope was maintained as 14/14 color plates correct. Contrast 
sensitivity was reduced by 93.6% at a distance of20 feet. 
Second contact lens- spectacle telescope was created using a -20.00D contact lens 
having an 8.00 base curve, on the right eye. The contact lens was paired with a+ 14.50D 
spectacle lens at a vertex distance of 13mm, for a theoretical magnification of 138%. 
Subjective magnification was measured as +26%, +26%, and +26% at 20 feet, 10 feet, 
and 40 em respectively. Color vision through the contact lens- spectacle telescope was 
maintained as 14/14 color plates correct. Contrast sensitivity was reduced by 88.4% at a 
distance of 20 feet. 
The third and final contact lens- spectacle telescope was created using a -40.00D 
contact lens having an 8.00 base curve, on the right eye. The contact lens was paired 
with a +20.00D spectacle lens at a vertex distance of 11mm, for a theoretical 
magnification of200%. Subjective magnification was measured as +52%, +52%, and 
+39% at 20 feet, 10 feet, and 40 em respectively. Color vision through the contact lens-
spectacle telescope was measured as 11/14 color plates correct, a 21.4% reduction in 
color sensitivity. Contrast sensitivity was reduced by 202.8% at a distance of20 feet. 
Subject 2 was a 27-year-old Asian female. Entering VA on the Bailey-Lovie 
chart were -0.18,-0.04, and -0.2 OD, OS, and OU respectively. Contrast sensitivity was 
measure as --0.1, 0.08, and --0.14 OD, OS, and OU respectively. Entering color vision 
with the American optical color vision booklet was 14114 plates correct, of both the right 
and left eyes. Subject 2 was first fit with the 8.3 base curve, -30.00D contact lens, on the 
right eye. Spectacle lens used was +20.00D at a vertex distance of 12 mm, for a 
theoretical magnification of 150%. Subjective magnification was measured as +26%, 
+ 26%, and + 26% at 20 feet, 10 feet, and 40 em respectively. Color vision through the 
contact lens- spectacle telescope was maintained as 14/14 color plates correct. Contrast 
sensitivity was reduced by 135.2% at a distance of20 feet. 
Second contact lens- spectacle telescope was created using a -40.00D contact lens 
having an 8.3 base curve, on the right eye. The contact lens was paired with a +23.50D 
spectacle lens at a vertex distance of 12mm, for a theoretical magnification of 170%. 
Subjective magnification was measured as +26%, +52%, and +26% at 20 feet, 10 feet, 
and 40 em respectively. Color vision through the contact lens- spectacle telescope was 
maintained as 14/14 color plates correct. Contrast sensitivity was reduced by 130% at a 
distance of 20 feet. 
The third and final contact lens- spectacle telescope was created using a -20.00D 
contact lens having an 8.3 base curve, on the right eye. The contact lens was paired with 
a+ 18.00D spectacle lens at a vertex distance of 12mm, for a theoretical magnification of 
111%. Subjective magnification was measured as + 26%, +0%, and + 26% at 20 feet, 10 
feet, and 40 em respectively. Color vision through the contact lens- spectacle telescope 
was measured as 13/14 color plates correct, a 7.1% reduction in color sensitivity. 
Contrast sensitivity was reduced by I 04% at a distance of 20 feet. 
Subject 3 was a 27-year-old white female. Entering VA on the Bailey-Lovie chart 
were 0.06,-0.06, and-0.08 OD, OS, and OU respectively. Contrast sensitivity was 
measure as 0.2, 0.1, and 0.2 OD, OS, and OU respectively. Entering color vision with the 
American optical color vision booklet was 14/14 plates correct, of both the right and left 
eyes. Subject 3 was first fit with the 8.15 base curve, -20.00D contact lens, on the right 
eye. Spectacle lens used was + 14.50D at a vertex distance of 14 mm, for a theoretical 
magnification of 138%. Subjective magnification was measured as +52%, +26%, and 
+52% at 20 feet, 10 feet, and 40 em respectively. Color vision through the contact lens-
spectacle telescope was maintained as 13114 color plates correct, a 7.1% reduction in 
color sensitivity. Contrast sensitivity was reduced by 5.2% at a distance of20 feet. 
Second contact lens- spectacle telescope was created using a -30.00D contact lens 
having an 8.15 base curve, on the right eye. The contact lens was paired with a + 17. OOD 
spectacle lens at a vertex distance of 12mm, for a theoretical magnification of 176%. 
Subjective magnification was measured as+ 104%, +78%, and +26% at 20 feet, 10 feet, 
and 40 em respectively. Color vision through the contact lens- spectacle telescope was 
maintained as 12/14 color plates correct, a 14.3% reduction in color sensitivity. Contrast 
sensitivity was reduced by 130% at a distance of20 feet 
The third and final contact lens- spectacle telescope was created using a --40.000 
contact lens having an 8.15 base curve, on the right eye. The contact lens was paired 
with a +20.50D spectacle lens at a vertex distance of 15mm, for a theoretical 
magnification of 195%. Subjective magnification was measured as+ 104%, +78%, and 
+52% at 20 feet, 10 feet, and 40 em respectively. Color vision through the contact lens-
spectacle telescope was measured as 12/14 color plates correct, a 14.3% reduction in 
color sensitivity. Contrast sensitivity was reduced by 83.2%% at a distance of20 feet 
Subject 4 was a 30-year-old white male. Entering VA on the Bailey-Lovie chart 
were -0.08,-0.12, and -0.1 OD, OS, and OU respectively. Contrast sensitivity was 
measure as 0.04, 0.08, and 0.08 OD, OS, and OU respectively. Entering color vision 
with the American optical color vision booklet was 12/14 plates correct, of the left and 
right eyes. Subject 4 was first fit with the 8.15 base curve, -20.000 contact lens, on the 
right eye. Spectacle lens used was+ 16.00D at a vertex distance of 10 mm, for a 
theoretical magnification of 125%. Subjective magnification was measured as 0%, 0%, 
and + 26% at 20 feet, 10 feet, and 40 em respectively. Color vision through the contact 
lens- spectacle telescope was maintained as 12/14 color plates correct, a 0% reduction in 
color sensitivity. Contrast sensitivity was reduced by 36.4% at a distance of20 feet. 
Second contact lens- spectacle telescope was created using a -30.00D contact lens 
having an 8.15 base curve, on the right eye. The contact lens was paired with a+ 18.00D 
spectacle lens at a vertex distance of 19mm, for a theoretical magnification of 167%. 
Subjective magnification was measured as +78%, +52%, and +52% at 20 feet, 10 feet, 
and 40 em respectively. Color vision through the contact lens- spectacle telescope was 
maintained as 11114 color plates correct, a 7.1% reduction in color sensitivity. Contrast 
sensitivity was reduced by 57.2% at a distance of20 feet. 
The third and final contact lens- spectacle telescope was created using a -40.00D 
contact lens having an 8.15 base curve, on the right eye. The contact lens was paired 
with a+ 19.50D spectacle lens at a vertex distance of20mm, for a theoretical 
magnification of205%. Subjective magnification was measured as + 126%, +52%, and 
+78% at 20 feet, 10 feet, and 40 em respectively. Color vision through the contact lens-
spectacle telescope was measured as 10/14 color plates correct, a 14.3% reduction in 
color sensitivity. Contrast sensitivity was reduced by 98.8% at a distance of20 feet. 
Conclusion: 
The original hypothesis of the experiment was not upheld in regards to the 
theoretical magnification being equal to that of the subjective magnification. Subjective 
magnification was found to be significantly less than was predicted theoretically using a 
mathematical model. Another remarkable finding was the contrast sensitivity resolvable 
at 20 feet with the contact lens- spectacle telescope was greatly reduced. In five of the 
twelve setups examined, the contrast sensitivity function was reduced by more than one 
hundred percent. 
Several negative attributes were noted while fitting the telescopes. These must be 
considered when fitting patients into these types of telescopes. The concerns are as 
follows: 
• Lots of induced prism 
• Lots of variability with blinking 
• Vestibular instability 
• Viewing items at near and then going to distance targets was easier than going 
from far to near with regards to maintaining focus. 
There are attributes of the telescopes that I think were responsible for less than 
favorable outcome of the findings. The optics of the soft contact lenses did not seem to 
provide the stability that is necessary for adequate and stable optics. The stability of the 
lens is warranted to ensure that constant clear optics is achieved with minimal movement 
to reduce the amount of induced prismatic effects. One modality that may help with 
these concerns is to use a scleral lens that would allow for added stability in the optical 
system. 
Another area that may be responsible for a loss of optimal optics can be 
contributed to the trial frame that was used for the spectacle portion of the telescope. The 
Marco trial frame used, may not have possessed the vertex distance that was needed to 
achieve maximal magnification. The concern with an increase in vertex distance is as the 
vertex distance increases; the field of view will be decreased. An alternative method to 
the trial frame would be a regular spectacle frame that has a larger vertex distance. Such 
a frame would need to have various lenses that would be able to be inserted and removed 
to compliment the eyepiece of the telescope. Also, several of these frames may be 
needed to allow for different vertex distances while maintaining stability. Proof that a 
larger vertex distance may be needed is the data collected from the trials with subject 
number four. In one these trials the subjective magnification exceeded the theoretical 
magnification. 
For future investigations of such a telescope modality I would recommend a 
frame with a larger vertex distance be used, around a 20mm vertex distance. Another 
factor warranting consideration is the use of a contact lens that would offer reliable 
stability. 
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